INTRODUCTION {#sec1-1}
============

In Intensive Care Units (ICUs) the risk of methicillin-resistant *Staphylococcus aureus* (MRSA) infections have considerably increased in recent years, which can lead to the development of sepsis or septic shock and subsequently high rate of morbidity and mortality.\[[@ref1][@ref2]\] Data from the previous studies showed 5--16% of critically ill patients were colonized with MRSA in ICUs,\[[@ref1][@ref3]\] with an average mortality rates of 50% for MRSA bacteremia.\[[@ref2]\]

There are some underlying risk factors for MRSA infection in the ICU setting including recent hospitalization, surgery, long-term residence in a care facility centers, previous MRSA colonization or infection, chronic disease, immune suppression, previous antibiotic use, age (\<65 years), enteral nutrition, dialysis, and indwelling percutaneous catheters and other medical devices.\[[@ref1][@ref4]\]

Vancomycin is the antibiotic of choice for treatment of documented or suspected MRSA infections while newer agents such as linezolid are now available.\[[@ref2]\] Regarding to increasing the number of critically ill patients at high risk for MRSA colonization and infection, vancomycin utilization has been increased.\[[@ref5]\] As a result, serious adverse effects of increased and inappropriate vancomycin utilization considered a great dilemma in health systems not only for financial and adverse reaction problems but also for limited options for treatment.\[[@ref6][@ref7][@ref8][@ref9]\]

Hence, rational utilization of vancomycin is an essential strategy in different hospital settings, especially in ICU; because inappropriate deprivation of critically ill patients from vancomycin treatment could cause the development of sepsis and on the other hand, irrational using of that could facilitate the emergence of pathogens resistant to vancomycin therapy.\[[@ref8][@ref10]\]

Therefore, some centers developed guidelines for vancomycin utilization and evaluated its use accordingly. However, many hospitals did not have any specific guideline and use other guides such as centers for disease control (CDC) guide for prescribing vancomycin.\[[@ref11]\]

The previous studies from several countries reported 1--96% inappropriate use of vancomycin in various wards based on Hospital Infection Control Practices Advisory Committee (HICPAC) recommendations which provide guidance and advice to the CDC.\[[@ref6][@ref12][@ref13][@ref14][@ref15][@ref16]\]

However, there are not enough data regarding the appropriate use of vancomycin in critically ill patients. Hence, in this study, the prescribing patterns of vancomycin use were evaluated in ICU and consequently compared to HICPAC recommendations. Thereafter, the related factors of inappropriate use of vancomycin are also reported in our population study.

METHODS {#sec1-2}
=======

We performed this cross-sectional study in one of the largest referral academic general, medical, and surgical ICUs affiliated with residency and fellowship program with more than 60 beds during 9 months. ICU adult patients were randomly selected from those received at least 48 h intravenous vancomycin in ICU and followed during ICU stay. We assign a consecutive number to each individual, and then random numbers produced by SPSS (SPSS, IBM, Somers, NY, USA) random number generator were used to select patients.

Daily surveillance was performed to collect required information from the patient\'s chart and health information system of hospital including demographic information (gender, age), vital signs, admission diagnosis, history of present illness, concurrent antibiotics and other nephrotoxic drugs, surgery, complete blood count, urine analysis, antimicrobial treatment in the previous 3 months, presence of mechanical ventilation and central catheters before the first dose of vancomycin, immunosuppressive medication, cultures and microbiology data, vancomycin dosage, route of administration, duration of vancomycin, and vancomycin-related adverse effects.

The Acute Physiology and Chronic Health Evaluation II (APACHE II) score\[[@ref17]\] on the first day of ICU admission and mean of Sepsis Organ Failure Assessment (SOFA) score\[[@ref18]\] during vancomycin administration in ICU were used to determine the severity of patients\' illness for hospital mortality rate. There was not any specific hospital protocol for vancomycin consumption in our setting; so, CDC recommendations (HICPAC) were used as the guidance for its prescription \[[Table 1](#T1){ref-type="table"}\].\[[@ref11]\] Moreover, we considered recommendations of Sanford guide and review of the literature for some occasions that CDC guidelines did not satisfy for determination of appropriate prescription of vancomycin.\[[@ref11][@ref19]\] Appropriate vancomycin dosing regimen was also considered according to creatinine clearance calculated by Cockcroft and Gault equation.\[[@ref20][@ref21]\]

###### 

Recommendation of centers for disease control for vancomycin use in adults
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We classified indications for vancomycin use into three categories: Empiric (existence of clinical evidence of infection before or without information about culture results), prophylaxis (perioperative of surgical procedure), and therapeutic (based on clinical and culture result).\[[@ref19][@ref22]\]

In addition to indication, other aspects of vancomycin use such as dosing, rate of infusion (≥30 min for every 500 mg vancomycin), infusion concentration (≤5 mg/mL), duration of therapy were evaluated in this study.\[[@ref23]\]

For our primary aim, we categorized patients in appropriate or inappropriate groups for different aspects including indication, dose, duration, concentration, and rate of vancomycin infusion. Descriptive statistics (mean ± standard error of the mean) were used to report these results.

Moreover, possible risk factors of inappropriate indication for vancomycin use such as patient demographic characteristics, APACHE II score, SOFA score, infectious consultation and physicians\' services were assessed in our study.

Independent *t*-test and Mann--Whitney U-test were used to determine differences in continuous data between independent groups (patients with appropriate and inappropriate indication for vancomycin use) for parametric and nonparametric variables, respectively. However, Chi-square tests were applied for categorical data. If more than 20% of the categories had expected frequencies below five, the Fisher exact test was used. Data were entered into a computerized database to perform suitable analysis and calculation using SPSS for Windows, version 15 (SPSS, IBM, Somers, NY, USA).

RESULTS {#sec1-3}
=======

During the study period, vancomycin utilization was assessed for 200 randomly selected ICU patients over 9 months. Averages duration of ICU and hospital stay of patients were 19.29 ± 1.65 days and 30.67 ± 2.15 days, respectively. According to our results, no previous reports of patients\' allergy to beta-lactam antibiotics or exposure to daycare centers were detected. Demographic and baseline characteristics of studied population were listed in [Table 2](#T2){ref-type="table"}.
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Clinical and demographic characteristics of patients receiving vancomycin in intensive care unit at Alzahra university hospital
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Based on HICPAC guidelines, the appropriateness of vancomycin indications were 30.5%, 9%, and 5.5% in the first 24 h, after 72 h and during the whole time of vancomycin therapy in ICU, respectively. In addition, more data regarding different aspects of vancomycin use are mentioned in [Table 3](#T3){ref-type="table"}.

###### 

Evaluation of vancomycin use
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The most prevalent services that prescribed vancomycin in our study were surgery (63.5%), internal medicine (10.5%), respiratory (5.5%), and infectious department (5%). Neurosurgeons were the most frequent prescriber of vancomycin for neurosurgery prophylaxis (31% of all patients).

The average total dose of vancomycin administration was 15,230 ± 1216 mg during the mean of 9.79 ± 0.64 days of ICU stay for the study population. Duration of vancomycin administration for empiric therapy was significantly more than prophylaxis (11.41 ± 0.86 days vs. 7.72 ± 0.90 days, respectively, *P* = 0.004). In a similar manner, more doses of vancomycin were administered for empiric therapy than prophylaxis (16,094 ± 1636 mg vs. 14,126 ± 1822 mg, respectively).

In our study, there was not any patient that received vancomycin according to the result of culture. Not only culture had not been received for 101 patients at the initiation of vancomycin, but also the results of cultures in only 10 patients were MRSA. The results of cultures were mentioned in [Table 3](#T3){ref-type="table"}.

The clinical reasons for empirical therapy were most identified as serious infection with suspicious of MRSA (22.5%) and pneumonia (21%). Carbapenems (98.2% meropenem), cephalosporines (81.9% ceftazidime), and fluoroquinolones (83.1% ciprofloxacin) were the most antibiotics prescribed concurrently with vancomycin in our study (57%, 47%, and 32.5%, respectively). Moreover, 5.5% of patients received nephrotoxic drugs including colistin (3.5%), aminoglycosides (1.5%), and amphotericin B (0.5%) concurrent with vancomycin use. Although among three patients who experienced nephrotoxicity reaction of vancomycin only one patient received colistin concurrently. In addition, sensitivity reaction of vancomycin was reported only in one patient.

According to analyses, we found that only frequencies of infectious consultations were significantly different between appropriate and inappropriate vancomycin administration groups (*P* \< 0.001). In this manner, infectious specialists\' consults were conducted for only 24% of those with inappropriate vancomycin use, while 50% of vancomycin prescriptions were according to infection consultations in appropriate use group.

DISCUSSION {#sec1-4}
==========

Spread of multi-resistant organisms has a significant role in infectious disease outcome and patients\' morbidity and mortality. One of the most important factors causing resistance is an inappropriate use of antimicrobial agents.\[[@ref13]\] Vancomycin was commercialized more than 50 years and since few years later has been used widely.\[[@ref13][@ref15]\] In 1995, HICPAC recommendations were published to control the excessive and inappropriate use of vancomycin.\[[@ref11]\] Many studies performed to evaluate vancomycin prescription according to the guidelines which listing appropriate and inappropriate situations for vancomycin use.\[[@ref6][@ref12][@ref13][@ref14][@ref15][@ref16][@ref19]\]

In the current study, we show poor compliance to guideline for vancomycin use, especially for prophylaxis indications with only 5.5% appropriateness according to HICPAC. However, reports of several performed studies in the past decade showed, up to 88% appropriate use of vancomycin based on CDC recommendation.\[[@ref6][@ref14][@ref15][@ref16]\]

These differences between studies may be related to the most indications of prescribed vancomycin which were evaluated during the study. For example, empirical therapy was the most reason of vancomycin indication in our study. It could be predictable because ICU patients may be at high risk of mortality and morbidity if too severe restrictions of vancomycin use were applied. However, de-escalation protocol should be put under consideration to prevent overuse of antibiotics and emergence of resistant microorganism.\[[@ref15]\]

However, because of high prevalence of admitted neurosurgical patients in our setting, we identified surgical prophylaxis as the major source of inappropriate use of vancomycin, but, empirical therapy considered as the most frequent reason of inappropriate vancomycin administration in recent studies.\[[@ref13][@ref14][@ref15][@ref16]\] This controversy may be related to the different reasons\' prevalence of vancomycin administrations.

In our study, the second reason for inappropriate use of vancomycin was continuation of empirical therapy despite negative culture results for MRSA. This result is similar to the previous study which evaluated vancomycin prescription among 365 patients in a tertiary care hospital in 2013.\[[@ref14]\] Excessive use of vancomycin is really alarming because of increasing resistant organisms.

In 2003, Hails *et al*. reported 16.2% prevalence of MRSA among the patients admitted to 217 ICUs of England hospitals.\[[@ref3]\] However, there is not enough related data in Iranian ICUs but, the prevalence of MRSA in Iran has been shown more than 50% in systematic review conducted in 2012.\[[@ref25]\]

In the mentioned study, the relative frequency of MRSA was 20.48% in Isfahan, while in our study, only 5% of cases were infected with MRSA. This may be related to higher prevalence of inappropriate vancomycin use in non-ICU than ICU setting.\[[@ref15]\]

An issue highlighted in the present study is that the appropriateness of vancomycin indication decreased over the time of ICU stay. It could be justified by the reason that empirical vancomycin use was not corrected according to bacteriological culture with an antibiotic stop order at 72 h after initiation of vancomycin. Another conducted study was also showed de-escalation of vancomycin was not performed adequately during the study.\[[@ref15]\] Lack of confidence to the culture results and critical condition of patients could be considered as the frequent reasons to continue inappropriate use of vancomycin in our study which also have been observed in some other developing countries.\[[@ref14][@ref26]\]

Since meropenem and ceftazidime were usually administered with vancomycin for empirical and neurosurgery prophylaxis respectively in our ICU, it could be expected that they were the must prescribed antibiotics with vancomycin. In addition, fluoroquinolones (especially ciprofloxacin) were added to empirical treatment regimen in more serious conditions and consequently reached the third position between co-administered antibiotic with vancomycin.

As infectious consultation was the only factor that significantly had a positive effect on appropriate vancomycin prescription, it seems necessary to consult of infectious specialists before and after 72 h of vancomycin initiation.

Although we evaluated different aspects of vancomycin administrations, but further studies should be carried out to include therapeutic drug monitoring procedure for preparing adequate, nontoxic dose of vancomycin in critically ill patients especially those with renal impairment.

Many antibiotic policies should be implemented to improve antimicrobial use such as vancomycin prescription pattern in ICU by the automatic stop order at 72 h, implementation of hospital guideline and adherence to that to restrict antibiotic prescription, developing of educational programs, close cooperation of clinical pharmacist and physicians.
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